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METHOD AND DEVICE FOR
TRANSMITTING DOWNLINK CONTROL
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application represents a National Stage of PCT/
CN2013/0070082 filed on Jan. 5, 2013 which claims priority
to Chinese Application No. 201210004604 .4, filed on Jan. 9,
2012. The entire disclosure of each of the above applications
is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of communica-
tions, and in particular to a method and device for transmitting
downlink control information.

BACKGROUND

There are two frame structures in a long term evolution
(LTE for short) system. Frame structure type 1 is applicable to
frequency division duplex (FDD for short) and frequency
division half-duplex. Each radio frame has a length of 10 ms,
and is composed of 20 time slots, each time slot being 0.5 ms,
and numbered from 0 to 19. One subframe is composed of two
continuous time slots, e.g. a subframe i is composed of two
continuous time slots 2i and 2i+1.

Frame structure type 2 is applicable to time division duplex
(TDD for short). One radio frame has a length of 10 ms, and
is composed of two half-frames, wherein the length of each
half-frame is 5 ms. One half-frame is composed of 5 sub-
frames, wherein the length of each subframe is 1 ms. A special
subframe is composed of a downlink special subframe
DwPTS, a guard space (GP) and an uplink special subframe
UpPTS, and the total length is 1 ms. Each subframe i is
composed of two time slots 2i and 2i+1, wherein the length of
each time slot is 0.5 ms (15360xTs).

In the above-mentioned two frame structures, for a normal
cyclic prefix (Normal CP for short), one time slot comprises
7 symbols, wherein the length of each symbol is 66.7 us, and
a CP length of the first symbol is 5.21 ps, and lengths of the
rest 6 symbols are 4.69 us; for an extended cyclic prefix
(Extended CP for short), one time slot comprises 6 symbols,
wherein the CP lengths of all the symbols are 16.67 ps.

One resource element (RE for short) is an OFDM symbol
in time domain, and is a subcarrier in frequency domain; one
time slot comprises N, ,2F OFDM symbols; one resource
block (RB for short) is composed of N, SCExN_ RZ resource
elements, is 1 time slot in time domain and 180 kHz in
frequency domain; when a subframe cyclic prefix is the nor-
mal cyclic prefix, one resource element is as shown in FIG. 1;
one subframe corresponds to a pair of resource blocks in the
same frequency domain; and a resource block pair has two
mapping modes over physical resources, one is the same
resource block pair frequency domain position (continuous
mapping), as shown in FIG. 2, and the other is different
resource block pair frequency domain positions (discrete
mapping), as shown in FIG. 3.

The LTE defines the following three downlink physical
control channels: a physical downlink control format indica-
tor channel (PCFICH for short), a physical hybrid automatic
retransmission request indicator channel (PHICH for short),
and a physical downlink control channel (PDCCH for short).

Information carried on the PCFICH is used for indicating
the number of transmitting orthogonal frequency division
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multiplexing (OFDM for short) symbols of the PDCCH in a
subframe, is transmitted on the first OFDM symbol of the
subframe, and the frequency position thereof is determined
by system downlink bandwidth and cell identity (ID for
short).

The PDCCH is used for bearing downlink control infor-
mation (DCI for short), comprising: physical uplink shared
channel (PUSCH for short) scheduling information, physical
downlink shared channel (PDSCH for short) scheduling
information and uplink power control information. DCI for-
mats are divided into the following several kinds: DCI format
0, DCI format 1, DCI format 1A, DCI format 1B, DCI format
1C, DCI format 1D, DCI format 2, DCI format 2A, DCI
format 2B, DCI format 2C, DCI format 3 and DCI format 3A,
DCI format 4, etc., wherein there are 9 PDSCH downlink
transmission modes:

The physical downlink control channel (PDCCH) is
mapped onto physical resources taking a control channel
element (CCE for short) as a unit. The size of one CCE is 9
resource element groups (REGs for short), i.e. 36 resource
elements. One PDCCH have four aggregation levels, the four
aggregation levels respectively corresponding to the case
where one PDCCH occupies 1, 2, 4 or 8 CCEs, which are
referred to as aggregation level 1, aggregation level 2, aggre-
gation level 4 and aggregation level 8, which also correspond
to four formats of the PDCCH. That is to say, the aggregation
level represents the size of the physical resource occupied by
the physical downlink control channel.

In Release (R for short) 8/9 of the LTE system, in order to
measure the quality of a channel and to demodulate a received
data symbol, a common reference signal (CRS for short) is
designed. User equipment (UE) may perform channel mea-
surement via the CRS, thereby supporting the UE to perform
cell reselection and switching to a target cell. In LTE R10, in
order to further improve the average spectrum utilization rate
of'a cell and the edge spectrum utilization rate of the cell and
the throughput rate of each UE, two reference signals are
respectively defined: a channel information reference signal
(CSI-RS) and a demodulation reference signal (DMRS),
wherein the CSI-RS is used for channel measurement, and the
DMRS is used for downlink shared channel demodulation.
The use of DMRS demodulation may use a beam method to
reduce the interference between different receiving sides and
different cells, and may reduce the performance decreasing
due to codebook granularity, and lower the overhead of down-
link control signalling to some extent.

In order to obtain larger working spectrum and system
bandwidth, one direct technique is to aggregate several con-
tinuous component carriers (spectrum) distributed on differ-
ent frequency bands using the carrier aggregation technology,
thereby forming bandwidth which may be used by LTE-
Advanced, e.g.: 100 MHz. That is to say, the aggregated
spectrum is divided into n component carriers (spectrum), the
spectrum in each component carrier (spectrum) being con-
tinuous. The spectrum is divided into two types: a primary
component carrier (PCC) and a secondary component carrier
(SCC), which are also referred to a primary cell and a sec-
ondary cell.

Inan LTE R10 heterogeneous network, since different base
station types have a relatively strong interference, consider-
ing the interference problem from a macro base station
(Macro eNodeB) on a micro base station (Pico) and the inter-
ference problem from a home base station (Home eNodeB)
on the macro base station (Macro eNodeB), LTE R11 pro-
poses a multi-antenna transmission method based on a user-
dedicated pilot frequency, which solves the interference prob-
lems. In addition, by mapping the PDCCH to a PDSCH area,
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the use of a frequency division multiplexing mode similar to
PDSCH multiplexing may achieve frequency domain coor-
dination of inter-cell interference.

In the LTE R11 stage, it is considered to introduce more
user PDSCH areas for transmitting data. The capacity of 4
OFDM symbols at maximum configured currently may not
satisfy the requirements. In order to provide a control channel
with a larger capacity, there is a need to design an enhanced
control channel, or there is a need to open a new resource for
transmitting control information over the PDSCH resource.

At present, the specific mapping mode of the physical
downlink control channel (also referred to as an enhanced
physical downlink control channel (ePDCCH)) mapped onto
a new resource is not determined yet, and meanwhile, the
specific mapping mode needs to ensure the enhanced physical
downlink control channel to obtain frequency domain diver-
sity gain or scheduling gain; in addition, multiple ePDCCHs
are centrally mapped as much as possible, so as to reduce the
influence on PDSCH transmission from the resource occu-
pied by the ePDCCHs.

SUMMARY

Provided are a method and device for transmitting down-
link control information, so as to at least solve the problem
that an enhanced physical downlink control channel (ePD-
CCH) cannot be mapped onto at least one PRB pair.

Provided is a method for transmitting downlink control
information, comprising: according to a predefined condi-
tion, mapping the downlink control information carried on an
ePDCCH onto at least one physical resource block (PRB)
pair, the predefined condition comprising at least one of: an
ePDCCH aggregation level, a subframe cyclic prefix type, a
format of the downlink control information carried on the
ePDCCH, an ePDCCH transmission mode, and mapping
mode indication information; and transmitting the downlink
control information carried on the at least one PRB pair.

Preferably, if the at least one PRB pair is capable of carry-
ing 4 pieces of the downlink control information with the
aggregation level being 1, according to a predefined condi-
tion, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair comprises a part
or all of one of: mapping onto 1 PRB pair when the aggrega-
tion level is 1, mapping onto 2 PRB pairs when the aggrega-
tion level is 2, mapping onto 4 PRB pairs when the aggrega-
tion level is 4, and mapping onto 8 PRB pairs when the
aggregation level is 8; mapping onto 1 PRB pair when the
aggregation level is 1, mapping onto 2 PRB pairs when the
aggregation level is 2, mapping onto 4 PRB pairs when the
aggregation level is 4, and mapping onto 4 PRB pairs when
the aggregation level is 8; and mapping onto 1 PRB pair when
the aggregation level is 1, mapping onto 2 PRB pairs when the
aggregation level is 2, mapping onto 2 PRB pairs when the
aggregation level is 4, and mapping onto 2 PRB pairs when
the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 2 pieces of the downlink control information with the
aggregation level being 1, according to the predefined condi-
tion, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair comprises a part
or all of one of: if the predefined condition comprises that the
subframe cyclic prefix type is Normal CP, mapping onto 2
PRB pairs when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto 2
PRB pairs when the aggregation level is 4, and mapping onto
4 PRB pairs when the aggregation level is 8; if the predefined
condition comprises that the subframe cyclic prefix type is
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Normal CP, mapping onto 2 PRB pairs when the aggregation
level is 1, mapping onto 4 PRB pairs when the aggregation
level is 2, mapping onto 4 PRB pairs when the aggregation
level is 4, and mapping onto 4 PRB pairs when the aggrega-
tion level is 8; if the predefined condition comprises that the
subframe cyclic prefix type is Normal CP, mapping onto 2
PRB pairs when the aggregation level is 1, mapping onto 4
PRB pairs when the aggregation level is 2, mapping onto 8
PRB pairs when the aggregation level is 4, and mapping onto
8 PRB pairs when the aggregation level is 8; if the predefined
condition comprises that the subframe cyclic prefix type is
Extended CP, mapping onto 1 PRB pair when the aggregation
level is 1, mapping onto 2 PRB pairs when the aggregation
level is 2, mapping onto 4 PRB pairs when the aggregation
level is 4, and mapping onto 8 PRB pairs when the aggrega-
tion level is 8; and if the predefined condition comprises that
the subframe cyclic prefix type is Extended CP, mapping onto
1 PRB pair when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto 2
PRB pairs when the aggregation level is 4, and mapping onto
4 PRB pairs when the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 1 piece of the downlink control information with the
aggregation level being 1, according to the predefined condi-
tion, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair comprises a part
or all of one of: if the predefined condition comprises that the
subframe cyclic prefix type is Normal CP, mapping onto 4
PRB pairs when the aggregation level is 1, mapping onto 4
PRB pairs when the aggregation level is 2, mapping onto 4
PRB pairs when the aggregation level is 4, and mapping onto
8 PRB pairs when the aggregation level is 8; if the predefined
condition comprises that the subframe cyclic prefix type is
Normal CP, mapping onto 4 PRB pairs when the aggregation
level is 1, mapping onto 8 PRB pairs when the aggregation
level is 2, mapping onto 8 PRB pairs when the aggregation
level is 4, and mapping onto 8 PRB pairs when the aggrega-
tion level is 8; if the predefined condition comprises that the
subframe cyclic prefix type is Extended CP, mapping onto 2
of'the PRB pair when the aggregation level is 1, mapping onto
2 PRB pairs when the aggregation level is 2, mapping onto 4
PRB pairs when the aggregation level is 4, and mapping onto
8 PRB pairs when the aggregation level is 8; if the predefined
condition comprises that the subframe cyclic prefix type is
Extended CP, mapping onto 2 PRBs pair when the aggrega-
tion level is 1, mapping onto 2 PRB pairs when the aggrega-
tion level is 4, mapping onto 4 PRB pairs when the aggrega-
tion level is 4, and mapping onto 8 PRB pairs when the
aggregation level is 8; and if the predefined condition com-
prises that the subframe cyclic prefix type is Extended CP,
mapping onto 2 PRB pairs when the aggregation level is 1,
mapping onto 4 PRB pairs when the aggregation level is 2,
mapping onto 8 PRB pairs when the aggregation level is 4,
and mapping onto 8 PRB pairs when the aggregation level is
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Preferably, if the at least one PRB pair is capable of carry-
ing K pieces of the downlink control information with the
aggregation level being 1 and the value range of K comprises
at least one of 1, 2 and 4, according to the predefined condi-
tion, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair comprises one of:
successively ranking aggregation levels comprised by all the
PRB pairs configured to carry the downlink control informa-
tion, and mapping according to an aggregation level type
sequence on the basis of a predefined initial aggregation level
index; and successively ranking aggregation levels comprised
by all the PRB pairs configured to carry the downlink control
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information, and mapping according to an aggregation level
type sequence on the basis of an aggregation level index
configured by a base station.

Preferably, before mapping the downlink control informa-
tion carried on the ePDCCH onto the at least one PRB pair
according to the predefined condition, the method further
comprises: determining the aggregation level according to
indication information, wherein the indication information
comprises at least one of: the format of the downlink control
information carried on the ePDCCH, the ePDCCH transmis-
sion mode, an ePDCCH modulation mode, high layer signal-
ling, and a transmission mode of physical downlink shared
channel (PDSH).

Preferably, after mapping the downlink control informa-
tion carried on the ePDCCH onto the at least one PRB pair
according to the predefined condition, the method further
comprises: according to the aggregation level, determining a
port for a demodulation reference signal on the PRB pair onto
which the downlink control information carried on the ePD-
CCH maps.

Also provided is a device for transmitting downlink control
information, comprising: a mapping module, configured to,
according to a predefined condition, map the downlink con-
trol information carried on an ePDCCH onto at least one PRB
pair, the predefined condition comprising at least one of: an
ePDCCH aggregation level, a subframe cyclic prefix type, a
format of the downlink control information carried on the
ePDCCH, an ePDCCH transmission mode, and mapping
mode indication information; and a transmission module,
configured to transmit the downlink control information car-
ried on the at least one PRB pair.

Preferably, if the at least one PRB pair is capable of carry-
ing 4 pieces of the downlink control information with the
aggregation level being 1, the mapping module comprises: a
first mapping sub-module, configured to map onto 1 PRB pair
when the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when the
aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; a second mapping sub-module, con-
figured to map onto 1 PRB pair when the aggregation level is
1, map onto 2 PRB pairs when the aggregation level is 2, map
onto 4 PRB pairs when the aggregation level is 4, and map
onto 4 PRB pairs when the aggregation level is 8; and a third
mapping sub-module, configured to map onto 1 PRB pair
when the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 2 PRB pairs when the
aggregation level is 4, and mapping onto 2 PRB pairs when
the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 2 pieces of the downlink control information with the
aggregation level being 1, the mapping module comprises: a
fourth mapping sub-module, configured to, if the predefined
condition comprises that the subframe cyclic prefix type is
Normal CP, mapping onto 2 of the PRB pairs when the aggre-
gation level is 1, mapping onto 2 of the PRB pairs when the
aggregation level is 2, mapping onto 2 PRB pairs when the
aggregation level is 4, and map onto 4 PRB pairs when the
aggregation level is 8; a fifth mapping sub-module, config-
ured to, if the predefined condition comprises that the sub-
frame cyclic prefix type is Normal CP, map onto 2 PRB pairs
when the aggregation level is 1, map onto 4 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when the
aggregation level is 4, and map onto 4 PRB pairs when the
aggregation level is 8; a sixth mapping sub-module, config-
ured to, if the predefined condition comprises that the sub-
frame cyclic prefix type is Normal CP, map onto 2 PRB pairs
when the aggregation level is 1, map onto 4 PRB pairs when
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the aggregation level is 2, map onto 8 PRB pairs when the
aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; a seventh mapping sub-module, con-
figured to, if the predefined condition comprises that the
subframe cyclic prefix type is Extended CP, map onto 1 PRB
pair when the aggregation level is 1, map onto 2 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; and an eighth mapping sub-module,
configured to, if the predefined condition comprises that the
subframe cyclic prefix type is Extended CP, map onto 1 PRB
pair when the aggregation level is 1, map onto 2 PRB pairs
when the aggregation level is 2, map onto 2 PRB pairs when
the aggregation level is 4, and map onto 4 PRB pairs when the
aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 1 piece of the to downlink control information with the
aggregation level being 1, the mapping module comprises: a
ninth mapping sub-module, configured to, if the predefined
condition comprises that the subframe cyclic prefix type is
Normal CP, map onto 4 PRB pairs when the aggregation level
is 1, map onto 4 PRB pairs when the aggregation level is 2,
map onto 4 PRB pairs when the aggregation level is 4, and
map onto 8 PRB pairs when the aggregation level is 8; a tenth
mapping sub-module, configured to, if the predefined condi-
tion comprises that the subframe cyclic prefix type is Normal
CP, map onto 4 PRB pairs when the aggregation level is 1,
map onto 8 PRB pairs when the aggregation level is 2, map
onto 8 PRB pairs when the aggregation level is 4, and map
onto 8 PRB pairs when the aggregation level is 8; an eleventh
mapping sub-module, configured to, if the predefined condi-
tion comprises that the subframe cyclic prefix type is
Extended CP, map onto 2 PRB pairs when the aggregation
level is 1, map onto 2 PRB pairs when the aggregation level is
2, map onto 4 PRB pairs when the aggregation level is 4, and
map onto 8 PRB pairs when the aggregation level is 8; a
twelfth mapping sub-module, configured to, if the predefined
condition comprises that the subframe cyclic prefix type is
Extended CP, map onto 2 PRB pairs when the aggregation
level is 1, map onto 4 PRB pairs when the aggregation level is
2, map onto 4 PRB pairs when the aggregation level is 4, and
map onto 8 PRB pairs when the aggregation level is 8; and a
thirteenth mapping sub-module, configured to, if the pre-
defined condition comprises that the subframe cyclic prefix
type is Extended CP, map onto 2 PRB pairs when the aggre-
gation level is 1, map onto 4 PRB pairs when the aggregation
level is 2, map onto 8 PRB pairs when the aggregation level is
4, and map onto 8 PRB pairs when the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing K pieces of the downlink control information with the
aggregation level being 1 and the value range of K comprises
at least one of 1, 2 and 4, the mapping module comprises: a
ranking module, configured to successively rank aggregation
levels comprised by all the PRB pairs configured to carry the
downlink control information; a fourteenth mapping sub-
module, configured to map according to an aggregation level
type sequence on the basis of a predefined initial aggregation
level index; and a fifteenth mapping sub-module, configured
to map according to an aggregation level type sequence on the
basis of an aggregation level index configured by a base
station.

By mapping according to one or more predefined condi-
tions, the present disclosure achieves mapping from the ePD-
CCH to the PRB pairs, and ensures the ePDCCH to obtain
frequency domain diversity gain and scheduling gain.

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings, provided for further understanding of the
present disclosure and forming a part of the specification, are
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used to explain the present disclosure together with embodi-
ments of the present disclosure rather than to limit the present
disclosure. In the drawings:

FIG. 1 is a schematic diagram of resource block mapping
when a subframe cyclic prefix is a normal cyclic prefix
according to the relevant technology;

FIG. 2 is a schematic diagram of discrete mapping of
resource block pairs according to the relevant technology;

FIG. 3 is a schematic diagram of continuous mapping of
resource block pairs according to the relevant technology;

FIG. 4 is aflow chart of a method for transmitting downlink
control information according to an embodiment of the
present disclosure;

FIG. 5 is a schematic diagram that PRB pairs are capable of
carrying 4 resources corresponding to aggregation level 1
according to preferred embodiment I of the present disclo-
sure;

FIG. 6 is a schematic diagram of aggregation level 1 map-
ping of method 1-1 according to preferred embodiment I of
the present disclosure;

FIG. 7 is a schematic diagram of aggregation level 2 map-
ping of method 1-1 according to preferred embodiment I of
the present disclosure;

FIG. 8 is a schematic diagram of aggregation level 4 map-
ping of method 1-1 according to preferred embodiment I of
the present disclosure;

FIG. 9 is a schematic diagram of aggregation level 8 map-
ping of method 2-1 according to preferred embodiment I of
the present disclosure;

FIG. 10 is a schematic diagram of aggregation level 1
mapping of method 1-2 according to preferred embodiment I
of the present disclosure;

FIG. 11 is a schematic diagram of aggregation level 2
mapping of method 1-2 according to preferred embodiment I
of the present disclosure;

FIG. 12 is a schematic diagram of aggregation level 4
mapping of method 1-2 according to preferred embodiment I
of the present disclosure;

FIG. 13 is a schematic diagram of aggregation level 8
mapping of method 1-2 according to preferred embodiment I
of the present disclosure;

FIG. 14 is a schematic diagram of aggregation level 1
mapping of method 1-3 according to preferred embodiment 1
of the present disclosure;

FIG. 15 is a schematic diagram of aggregation level 2
mapping of method 1-3 according to preferred embodiment I
of the present disclosure;

FIG. 16 is a schematic diagram of aggregation level 4
mapping of method 1-3 according to preferred embodiment I
of the present disclosure;

FIG. 17 is a schematic diagram of aggregation level 8
mapping of method 1-3 according to preferred embodiment I
of the present disclosure;

FIG. 18 is schematic diagram I that PRB pairs are capable
of carrying 2 resources corresponding to aggregation level 1
according to preferred embodiment II of the present disclo-
sure;

FIG. 19 is schematic diagram II that PRB pairs are capable
of carrying 2 resources corresponding to aggregation level 1
according to preferred embodiment II of the present disclo-
sure;

FIG. 20 is a schematic diagram of aggregation level 1
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure;

FIG. 21 is a schematic diagram of aggregation level 2
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure;
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FIG. 22 is a schematic diagram of aggregation level 4
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure;

FIG. 23 is a schematic diagram of aggregation level 8
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure;

FIG. 24 is a schematic diagram of aggregation level 1
mapping of method 2-2 according to preferred embodiment I1
of the present disclosure;

FIG. 25 is a schematic diagram of aggregation level 2
mapping of method 2-2 according to preferred embodiment I1
of the present disclosure;

FIG. 26 is a schematic diagram of aggregation level 4
mapping of method 2-2 according to preferred embodiment I
of the present disclosure;

FIG. 27 is a schematic diagram of aggregation level 8
mapping of method 2-2 according to preferred embodiment I1
of the present disclosure;

FIG. 28 is a schematic diagram of aggregation level 1
mapping of method 2-3 according to preferred embodiment I1
of the present disclosure;

FIG. 29 is a schematic diagram of aggregation level 2
mapping of method 2-3 according to preferred embodiment I1
of the present disclosure;

FIG. 30 is a schematic diagram of aggregation level 4
mapping of method 2-3 according to preferred embodiment I1
of the present disclosure;

FIG. 31 is a schematic diagram of aggregation level 8
mapping of method 2-3 according to preferred embodiment I1
of the present disclosure;

FIG. 32 is a schematic diagram of aggregation level 1
mapping of method 2-4 according to preferred embodiment I1
of the present disclosure;

FIG. 33 is a schematic diagram of aggregation level 2
mapping of method 2-4 according to preferred embodiment I1
of the present disclosure;

FIG. 34 is a schematic diagram of aggregation level 4
mapping of method 2-4 according to preferred embodiment I1
of the present disclosure;

FIG. 35 is a schematic diagram of aggregation level 8
mapping of method 2-4 according to preferred embodiment I1
of the present disclosure;

FIG. 36 is a schematic diagram of aggregation level 1
mapping of method 2-5 according to preferred embodiment I1
of the present disclosure;

FIG. 37 is a schematic diagram of aggregation level 2
mapping of method 2-5 according to preferred embodiment I1
of the present disclosure;

FIG. 38 is a schematic diagram of aggregation level 4
mapping of method 2-5 according to preferred embodiment I1
of the present disclosure;

FIG. 39 is a schematic diagram of aggregation level 8
mapping of method 2-5 according to preferred embodiment I1
of the present disclosure;

FIG. 40 is schematic diagram I that PRB pairs are capable
of carrying 1 resource corresponding to aggregation level 1
according to preferred embodiment I1I of the present disclo-
sure;

FIG. 41 is schematic diagram II that PRB pairs are capable
of carrying 1 resource corresponding to aggregation level 1
according to preferred embodiment I1I of the present disclo-
sure;

FIG. 42 is a schematic diagram of aggregation level 1
mapping of method 3-1 according to preferred embodiment
IIT of the present disclosure;
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FIG. 43 is a schematic diagram of aggregation level 2
mapping of method 3-1 according to preferred embodiment
IIT of the present disclosure;

FIG. 44 is a schematic diagram of aggregation level 4
mapping of method 3-1 according to preferred embodiment
IIT of the present disclosure;

FIG. 45 is a schematic diagram of aggregation level 8
mapping of method 3-1 according to preferred embodiment I1
of the present disclosure;

FIG. 46 is a schematic diagram of aggregation level 1
mapping of method 3-2 according to preferred embodiment
IIT of the present disclosure;

FIG. 47 is a schematic diagram of aggregation level 2
mapping of method 3-2 according to preferred embodiment
IIT of the present disclosure;

FIG. 48 is a schematic diagram of aggregation level 4
mapping of method 3-2 according to preferred embodiment
IIT of the present disclosure;

FIG. 49 is a schematic diagram of aggregation level 8
mapping of method 3-2 according to preferred embodiment
IIT of the present disclosure;

FIG. 50 is a schematic diagram of aggregation level 1
mapping of method 3-3 according to preferred embodiment
IIT of the present disclosure;

FIG. 51 is a schematic diagram of aggregation level 2
mapping of method 3-3 according to preferred embodiment I1
of the present disclosure;

FIG. 52 is a schematic diagram of aggregation level 4
mapping of method 3-3 according to preferred embodiment
IIT of the present disclosure;

FIG. 53 is a schematic diagram of aggregation level 8
mapping of method 3-3 according to preferred embodiment
IIT of the present disclosure;

FIG. 54 is a schematic diagram of aggregation level 1
mapping of method 3-4 according to preferred embodiment
IIT of the present disclosure;

FIG. 55 is a schematic diagram of aggregation level 2
mapping of method 3-4 according to preferred embodiment
IIT of the present disclosure;

FIG. 56 is a schematic diagram of aggregation level 4
mapping of method 3-4 according to preferred embodiment
IIT of the present disclosure;

FIG. 57 is a schematic diagram of aggregation level 8
mapping of method 3-4 according to preferred embodiment
m of the present disclosure;

FIG. 58 is a schematic diagram of aggregation level 1
mapping of method 3-5 according to preferred embodiment
IIT of the present disclosure;

FIG. 59 is a schematic diagram of aggregation level 2
mapping of method 3-5 according to preferred embodiment
m of the present disclosure;

FIG. 60 is a schematic diagram of aggregation level 4
mapping of method 3-5 according to preferred embodiment
IIT of the present disclosure;

FIG. 61 is a schematic diagram of aggregation level 8
mapping of method 3-5 according to preferred embodiment
IIT of the present disclosure;

FIG. 62 is a schematic diagram of aggregation level 1
mapping of method 4-1 according to preferred embodiment
IV of the present disclosure;

FIG. 63 is a schematic diagram of aggregation level 2
mapping of method 4-1 according to preferred embodiment
IV of the present disclosure;

FIG. 64 is a schematic diagram of aggregation level 4
mapping of method 4-1 according to preferred embodiment
IV of the present disclosure;
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FIG. 65 is a schematic diagram of aggregation level 8
mapping of method 4-1 according to preferred embodiment
1V of the present disclosure;

FIG. 66 is a schematic diagram of aggregation level 1
mapping of method 4-2 according to preferred embodiment
1V of the present disclosure;

FIG. 67 is a schematic diagram of aggregation level 2
mapping of method 4-2 according to preferred embodiment
1V of the present disclosure;

FIG. 68 is a schematic diagram of aggregation level 4
mapping of method 4-2 according to preferred embodiment
1V of the present disclosure;

FIG. 69 is a schematic diagram of aggregation level 8
mapping of method 4-2 according to preferred embodiment
1V of the present disclosure;

FIG. 70 is a schematic diagram of aggregation level 1
mapping of method 4-3 to according to preferred embodi-
ment [V of the present disclosure;

FIG. 71 is a schematic diagram of aggregation level 2
mapping of method 4-3 according to preferred embodiment
1V of the present disclosure;

FIG. 72 is a schematic diagram of aggregation level 4
mapping of method 4-3 according to preferred embodiment
1V of the present disclosure;

FIG. 73 is a schematic diagram of aggregation level 8
mapping of method 4-3 according to preferred embodiment
1V of the present disclosure;

FIG. 74 is schematic diagram 1 of aggregation level 1
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 75 is schematic diagram I of aggregation level 2
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 76 is schematic diagram I of aggregation level 4
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 77 is schematic diagram I of aggregation level 8
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 78 is schematic diagram II of aggregation level 1
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 79 is schematic diagram II of aggregation level 2
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 80 is schematic diagram II of aggregation level 4
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 81 is schematic diagram II of aggregation level 8
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 82 is schematic diagram III of aggregation level 1
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 83 is schematic diagram III of aggregation level 2
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 84 is schematic diagram III of aggregation level 4
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 85 is schematic diagram III of aggregation level 8
mapping according to preferred embodiment VII of the
present disclosure;

FIG. 86 is a structural block diagram of a device for trans-
mitting downlink control information according to an
embodiment of the present disclosure;
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FIG. 87 is a structural block diagram detailing sub-mod-
ules for a mapping module in FIG. 86;

FIG. 88 is a structural block diagram detailing other sub-
modules for the mapping module in FIG. 86;

FIG. 89 is a structural block diagram detailing other sub-
modules for the mapping module in FIG. 86; and

FIG. 90 is a structural block diagram detailing other sub-
modules for the mapping module in FIG. 86.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Note that, the embodiments of the present disclosure and
the features of the embodiments can be combined with each
other if there is no conflict. The present disclosure will be
explained below with reference to the drawings and in con-
junction with the embodiments in detail.

The present disclosure provides a method for transmitting
downlink control information. FIG. 4 is a flow chart of a
method for transmitting downlink control information
according to an embodiment of the present disclosure. As
shown in FIG. 4, the following step S402 to step S404 are
comprised.

Step S402, according to a predefined condition, downlink
control information carried on an ePDCCH is mapped onto at
least one PRB pair, the predefined condition comprising at
least one of: an ePDCCH aggregation level, a subframe cyclic
prefix type, a format of downlink control information carried
on the ePDCCH, an ePDCCH transmission mode, and map-
ping mode indication information; and

Step S404, the downlink control information carried on the
at least one PRB pair is transmitted.

In the relevant technology, the ePDCCH cannot be mapped
onto the PRB pairs. In the embodiment of the present disclo-
sure, by mapping according to one or more predefined con-
ditions, the present disclosure achieves mapping from the
ePDCCH to the PRB pairs, and ensures the ePDCCH to
obtain frequency domain diversity gain and scheduling gain.

In order to illustrate the above-mentioned step S402 in
detail, the present disclosure also provides four specific
implementation methods in combination with the case where
the PRB pairs are capable of carrying downlink control infor-
mation with the aggregation level being 1 and the cases of
subframe cyclic prefix types comprised in the predefined
condition.

Method I: If the PRB Pairs are Capable of Carrying 4
Pieces of Downlink Control Information with the Aggrega-
tion Level being 1, any Mapping Mode ofthe Following (1) to
(3) May be Applied:

(1) it is mapped onto 1 PRB pair when the aggregation level
is 1, mapped onto 2 PRB pairs when the aggregation level is
2, mapped onto 4 PRB pairs when the aggregation level is 4,
and mapped onto 8 PRB pairs when the aggregation level is 8;

(2) it is mapped onto 1 PRB pair when the aggregation level
is 1, mapped onto 2 PRB pairs when the aggregation level is
2, mapped onto 4 PRB pairs when the aggregation level is 4,
and mapped onto 4 PRB pairs when the aggregation level is 8;
and

(3) it is mapped onto 1 PRB pair when the aggregation level
is 1, mapped onto 2 PRB pairs when the aggregation level is
2, mapped onto 2 PRB pairs when the aggregation level is 4,
and mapped onto 2 PRB pairs when the aggregation level is 8.

Method II: If the PRB Pairs are Capable of Carrying 2
Pieces of Downlink Control Information with the Aggrega-
tion Level being 1
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(1) If the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, any mapping mode of the
following A to C may be applied:

A. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 2 PRB pairs when the aggregation
level is 2, mapped onto 2 PRB pairs when the aggregation
level is 4, and mapped onto 4 PRB pairs when the aggregation
level is §;

B. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 4 PRB pairs when the aggregation
level is 2, mapped onto 4 PRB pairs when the aggregation
level is 4, and mapped onto 4 PRB pairs when the aggregation
level is 8; and

C. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 4 PRB pairs when the aggregation
level is 2, mapped onto 8 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is 8.

(2) If the predefined condition comprises that the subframe
cyclic prefix type is Extended CP, the mapping mode of the
following A or B may be applied:

A.1itis mapped onto 1 PRB pair when the aggregation level
is 1, mapped onto 2 PRB pairs when the aggregation level is
2, mapped onto 4 PRB pairs when the aggregation level is 4,
and mapped onto 8 PRB pairs when the aggregation level is 8;
and

B. itis mapped onto 1 PRB pair when the aggregation level
is 1, mapped onto 2 PRB pairs when the aggregation level is
2, mapped onto 2 PRB pairs when the aggregation level is 4,
and mapped onto 4 PRB pairs when the aggregation level is 8.

Method III: If the PRB Pairs are Capable of Carrying 1
Piece of Downlink Control Information with the Aggregation
Level being 1

(1) If the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, the mapping mode of the
following A or B may be applied:

A. it is mapped onto 4 PRB pairs when the aggregation
level is 1, mapped onto 4 PRB pairs when the aggregation
level is 2, mapped onto 4 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is 8; and

B. it is mapped onto 4 PRB pairs when the aggregation
level is 1, mapped onto 8 PRB pairs when the aggregation
level is 2, mapped onto 8 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is 8.

(2) If the predefined condition comprises that the subframe
cyclic prefix type is Extended CP, any mapping mode of the
following A to C may be applied:

A. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 2 PRB pairs when the aggregation
level is 2, mapped onto 4 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is §;

B. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 4 PRB pairs when the aggregation
level is 2, mapped onto 4 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is 8; and

C. it is mapped onto 2 PRB pairs when the aggregation
level is 1, mapped onto 4 PRB pairs when the aggregation
level is 2, mapped onto 8 PRB pairs when the aggregation
level is 4, and mapped onto 8 PRB pairs when the aggregation
level is 8.
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Method VI: If the PRB Pairs are Capable of Carrying K
Pieces of Downlink Control Information with the Aggrega-
tion Level being 1 and the Value Range of K Comprises at
Least One of 1, 2 and 4

The present disclosure may successively rank aggregation
levels comprised by all the PRB pairs configured to carry the
downlink control information, and perform mapping accord-
ing to an aggregation level type sequence on the basis of a
predefined initial aggregation level index, or successively
rank aggregation levels comprised by all the PRB pairs con-
figured to carry the downlink control information, and per-
form mapping according to an aggregation level type
sequence on the basis of an aggregation level index config-
ured by a base station.

In addition, the present disclosure further provides a spe-
cific implementation method, i.e. according to the format of
downlink control information carried on the ePDCCH, map-
ping downlink control information carried on the ePDCCH
onto the PRB pairs, and specifically, it may be defined that the
corresponding bit number of the minimum aggregation level
corresponding to the ePDCCH is greater than the maximum
bit number corresponding to the downlink control informa-
tion format.

Preferably, a downlink control information format set H
and a downlink control information format set F are defined,
wherein the mapping method corresponding to the downlink
control information format set H is method X, and the map-
ping method corresponding to the downlink control informa-
tion format set F is method Y. The specific applications are as
follows:

the downlink control information format set H comprises
DCI Format 2C and DCI Format 4;

the downlink control information format set F comprises
DCI Format 1A and DCI Format 0; and

the mapping method corresponding to DCI Format 2C and
DCI Format 4 is method X, and the mapping method corre-
sponding to DCI Format 1 A and DCI Format 0 is method I, or
the mapping method corresponding to DCI Format 2C and
DCI Format 4 is method 111, and the mapping method corre-
sponding to DCI Format 1A and DCI Format 0 is method 1.

In addition, before mapping the downlink control informa-
tion carried on the ePDCCH onto the PRB pairs, the aggre-
gation levels may be configured as fixed M kinds by a base
station in the present disclosure, wherein M is a natural num-
ber, or the present disclosure may also determine aggregation
levels according to the indication information. Determining
an aggregation level according to indication information will
be described in detail in combination with examples 1 to 5.

Example 1, the aggregation levels are determined accord-
ing to the format of downlink control information carried on
the ePDCCH. Specifically, a downlink control information
format set H1 and a downlink control information format set
F may be defined, wherein specifically, the aggregation levels
corresponding to the downlink control information format set
H1 are X2, and the aggregation levels corresponding to the
downlink control information format set F1 are Y2.

Example 2, the aggregation levels are determined accord-
ing to the ePDCCH transmission mode. Specifically, when
the ePDCCH applies a diversity transmission mode, the cor-
responding aggregation levels are X3, and when the ePDCCH
applies a single-antenna port transmission mode, the corre-
sponding aggregation levels are Y3.

Example 3, the aggregation levels are determined accord-
ing to high layer signalling. Specifically, the aggregation
levels configured by RRC signalling are one or more of 1, 2,
4 and 8.
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Example 4, the aggregation levels are determined accord-
ing to a physical downlink shared channel transmission
mode. Specifically, a PDSCH transmission mode set H2 and
a PDSCH transmission mode set F2 may be defined, wherein
the aggregation levels corresponding to the PDSCH transmis-
sion mode set H2 are X4, and the aggregation levels corre-
sponding to the PDSCH transmission mode set F2 are Y4. In
this manner, the aggregation levels of the ePDCCH are deter-
mined according to the PDSCH transmission mode, such that
a plurality of ePDCCHs are centrally mapped as much as
possible, so as to reduce the influence on PDSCH transmis-
sion from the resource occupied by the ePDCCHs.

Example 5, the aggregation levels are determined accord-
ing to the ePDCCH modulation mode. Specifically, it may be
defined that if the ePDCCH modulation mode is QPSK, then
the aggregation levels are X5, and if the ePDCCH modulation
mode is 16QAM, then the aggregation levels are YS5.

In addition, after mapping the downlink control informa-
tion carried on the ePDCCH onto the PRB pairs according to
the predefined condition, a port for a demodulation reference
signal on the PRB pairs onto which the downlink control
information carried on the ePDCCH maps may also be deter-
mined according to the aggregation levels.

The implementation process of embodiments of the
present disclosure is described below in combination with
preferred embodiments I to VII in detail.

Preferred Embodiment 1
Corresponding to the Above-Mentioned Method I

FIG. 5 is a schematic diagram that PRB pairs are capable of
carrying 4 resources corresponding to aggregation level 1
according to preferred embodiment I of the present disclo-
sure. As shown in FIG. 5, the ePDCCH comprises one or more
of the following aggregation levels, and according to the
aggregation levels of'a physical downlink control channel, the
ePDCCH is mapped onto M PRB pairs.

Method 1-1

FIG. 6 is a schematic diagram of aggregation level 1 map-
ping of method 1-1 according to preferred embodiment I of
the present disclosure. As shown in FIG. 6, the aggregation
level is 1, and it is mapped onto 1 PRB pair. FIG. 7 is a
schematic diagram of aggregation level 2 mapping of method
1-1 according to preferred embodiment I of the present dis-
closure. As shown in FIG. 7, the aggregation level is 2, and it
is mapped onto 2 PRB pairs. FIG. 8 is a schematic diagram of
aggregation level 4 mapping of method 1-1 according to
preferred embodiment I of the present disclosure. As shown
in FIG. 8, the aggregation level is 4, and it is mapped onto 4
PRB pairs. FIG. 9 is a schematic diagram of aggregation level
8 mapping of method 1-1 according to preferred embodiment
1 of the present disclosure. As shown in FIG. 9, the aggrega-
tion level is 8, and it is mapped onto 8 PRB pairs.

Method 1-2

FIG. 10 is a schematic diagram of aggregation level 1
mapping of method 1-2 according to preferred embodiment I
of the present disclosure. As shown in FIG. 10, the aggrega-
tion level is 1, and it is mapped onto 1 PRB pair. FIG. 11 is a
schematic diagram of aggregation level 2 mapping of method
1-2 according to preferred embodiment I of the present dis-
closure. As shown in FIG. 11, the aggregation level is 2, and
itis mapped onto 2 PRB pairs. FIG. 12 is a schematic diagram
of aggregation level 4 mapping of method 1-2 according to
preferred embodiment I of the present disclosure. As shown
in FIG. 12, the aggregation level is 4, and it is mapped onto 4
PRB pairs. FIG. 13 is a schematic diagram of aggregation



US 9,398,581 B2

15

level 8 mapping of method 1-2 according to preferred
embodiment I of the present disclosure. As shown in FIG. 13,
the aggregation level is 8, and it is mapped onto 4 PRB pairs.

Method 1-3

FIG. 14 is a schematic diagram of aggregation level 1
mapping of method 1-3 according to preferred embodiment I
of the present disclosure. As shown in FIG. 14, the aggrega-
tion level is 1, and it is mapped onto 1 PRB pair. FIG. 15is a
schematic diagram of aggregation level 2 mapping of method
1-3 according to preferred embodiment I of the present dis-
closure. As shown in FIG. 15, the aggregation level is 2, and
itis mapped onto 2 PRB pairs. FIG. 16 is a schematic diagram
of aggregation level 4 mapping of method 1-3 according to
preferred embodiment I of the present disclosure. As shown
in FIG. 16, the aggregation level is 4, and it is mapped onto 2
PRB pairs. FIG. 17 is a schematic diagram of aggregation
level 8 mapping of method 1-3 according to preferred
embodiment I of the present disclosure. As shown in FIG. 17,
the aggregation level is 8, and it is mapped onto 2 PRB pairs.

Preferred Embodiment 11
Corresponding to the Above-Mentioned Method 11

FIG. 18 is schematic diagram I that the PRB pairs are
capable of carrying 2 resources corresponding to aggregation
level 1 according to preferred embodiment II of the present
disclosure, and FI1G. 19 is schematic diagram II that the PRB
pairs are capable of carrying 2 resources corresponding to
aggregation level 1 according to preferred embodiment I of
the present disclosure. As shown in FIG. 18 and FIG. 19, the
ePDCCH comprises one or more of the following aggregation
levels. According to the PDCCH aggregation level and/or
subframe cyclic prefix type, the ePDCCH is mapped onto M
PRB pairs.

Method 2-1 to method 2-3 describe the cases where the
subframe cyclic prefix is Normal CP.

Method 2-1

FIG. 20 is a schematic diagram of aggregation level 1
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 20, the aggrega-
tion level is 1, and it is mapped onto 2 PRBs. FIG. 21 is a
schematic diagram of aggregation level 2 mapping of method
2-1 according to preferred embodiment I1 of the present dis-
closure. As shown in FIG. 21, the aggregation level is 2, and
it is mapped onto 2 PRBs. FIG. 22 is a schematic diagram of
aggregation level 4 mapping of method 2-1 according to
preferred embodiment II of the present disclosure. As shown
in FIG. 22, the aggregation level is 4, and it is mapped onto 2
PRBs. FIG. 23 is a schematic diagram of aggregation level 8
mapping of method 2-1 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 23, the aggrega-
tion level is 8, and it is mapped onto 4 PRBs.

Method 2-2

FIG. 24 is a schematic diagram of aggregation level 1
mapping of method 2-2 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 24, the aggrega-
tionlevelis 1, and it is mapped onto 2 PRBs. As shown in FIG.
25, the aggregation level is 2, and it is mapped onto 4 PRBs.
As shown in FIG. 26, the aggregation level is 4, and it is
mapped onto 4 PRBs. As shown in FIG. 27, the aggregation
level is 8, and it is mapped onto 4 PRBs.

Method 2-3

FIG. 28 is a schematic diagram of aggregation level 1
mapping of method 2-3 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 28, the aggrega-
tionlevelis 1, and it is mapped onto 2 PRBs. As shown in FIG.
29, the aggregation level is 2, and it is mapped onto 4 PRBs.
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As shown in FIG. 30, the aggregation level is 4, and it is
mapped onto 8 PRBs. As shown in FIG. 31, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 2-4 to method 2-5 describe the cases where the
subframe cyclic prefix is Extended CP.

Method 2-4

FIG. 32 is a schematic diagram of aggregation level 1
mapping of method 2-4 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 32, the aggrega-
tion level is 1, and it is mapped onto 1 PRB. As shown in FI1G.
33, the aggregation level is 2, and it is mapped onto 2 PRBs.
As shown in FIG. 34, the aggregation level is 4, and it is
mapped onto 4 PRBs. As shown in FIG. 35, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 2-5

FIG. 36 is a schematic diagram of aggregation level 1
mapping of method 2-5 according to preferred embodiment I1
of the present disclosure. As shown in FIG. 36, the aggrega-
tion level is 1, and it is mapped onto 1 PRB. As shown in FI1G.
37, the aggregation level is 2, and it is mapped onto 2 PRBs.
As shown in FIG. 38, the aggregation level is 4, and it is
mapped onto 2 PRBs. As shown in FIG. 39, the aggregation
level is 8, and it is mapped onto 4 PRBs.

Preferred Embodiment 11T
Corresponding to the Above-Mentioned Method 111

FIG. 40 is schematic diagram [ that a PRB pair is capable of
carrying 1 resource corresponding to aggregation level 1
according to preferred embodiment I1I of the present disclo-
sure, and FIG. 41 is schematic diagram II that a PRB pair is
capable of carrying 1 resource corresponding to aggregation
level 1 according to preferred embodiment III of the present
disclosure. As shown in FIG. 40 and FIG. 41, the ePDCCH
comprises one or more of the following aggregation levels.
According to the PDCCH aggregation level and/or subframe
cyclic prefix type, the ePDCCH is mapped onto M PRB pairs.

Method 3-1 to method 3-2 describe the cases where the
subframe cyclic prefix is Normal CP.

Method 3-1

FIG. 42 is a schematic diagram of aggregation level 1
mapping of method 3-1 according to preferred embodiment
1T of the present disclosure. As shown in FIG. 42, the aggre-
gation level is 1, and it is mapped onto 4 PRBs. As shown in
FIG. 43, the aggregation level is 2, and it is mapped onto 4
PRBs. As shown in FIG. 44, the aggregation level is 4, and it
is mapped onto 4 PRBs. As shown in FIG. 45, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 3-2

FIG. 46 is a schematic diagram of aggregation level 1
mapping of method 3-2 according to preferred embodiment
1T of the present disclosure. As shown in FIG. 46, the aggre-
gation level is 1, and it is mapped onto 4 PRBs. As shown in
FIG. 47, the aggregation level is 2, and it is mapped onto 8
PRBs. As shown in FIG. 48, the aggregation level is 4, and it
is mapped onto 8 PRBs. As shown in FIG. 49, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 3-3 to method 3-5 describe the cases where the
subframe cyclic prefix is Extended CP.

Method 3-3

FIG. 50 is a schematic diagram of aggregation level 1
mapping of method 3-3 according to preferred embodiment
1T of the present disclosure. As shown in FIG. 50, the aggre-
gation level is 1, and it is mapped onto 2 PRBs. As shown in
FIG. 51, the aggregation level is 2, and it is mapped onto 2
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PRBs. As shown in FIG. 52, the aggregation level is 4, and it
is mapped onto 4 PRBs. As shown in FIG. 53, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 3-4

FIG. 54 is a schematic diagram of aggregation level 1
mapping of method 3-4 according to preferred embodiment
IIT of the present disclosure. As shown in FIG. 54, the aggre-
gation level is 1, and it is mapped onto 2 PRBs. As shown in
FIG. 55, the aggregation level is 2, and it is mapped onto 4
PRBs. As shown in FIG. 56, the aggregation level is 4, and it
is mapped onto 4 PRBs. As shown in FIG. 57, the aggregation
level is 8, and it is mapped onto 8 PRBs.

Method 3-5

FIG. 58 is a schematic diagram of aggregation level 1
mapping of method 3-5 according to preferred embodiment
IIT of the present disclosure. As shown in FIG. 58, the aggre-
gation level is 1, and it is mapped onto 2 PRBs. As shown in
FIG. 59, the aggregation level is 2, and it is mapped onto 4
PRBs. As shown in FIG. 60, the to aggregation level is 4, and
it is mapped onto 8 PRBs. As shown in FIG. 61, the aggrega-
tion level is 8, and it is mapped onto 8 PRBs.

Preferred Embodiment IV
Corresponding to the Above-Mentioned Method IV

The PRB pairs are capable of carrying k resources corre-
sponding to aggregation level 1, whereink is 1, 2 or 4. All the
available aggregation levels are connected in series, and map-
ping is performed according to an aggregation level type
sequence on the basis of a predefined initial aggregation level
index, or mapping is performed according to an aggregation
level type sequence on the basis of an aggregation level index
configured by a base station. The specific applications are as
follows:

The PRB pairs are capable of carrying k resources corre-
sponding to aggregation level 1;

a base station configures M PRB pairs, then there are
W=M*K available aggregation levels; the indices are from #0
to #(W-1); and an initial aggregation level index (an aggre-
gation level index configured by the base station) R is ran-
domly generated, thus

when it is aggregation level 1, it is mapped to aggregation
level #R;

when it is aggregation level 2, it is mapped to aggregation
level #R and aggregation level #(R+1) mod (W), or when it is
aggregation level 2, it is mapped to aggregation level ((R mod
floor (W/2))*2) and aggregation level #((R mod (floor (W/2))
*2)+1);

when it is aggregation level 4, it is mapped to aggregation
level #R and aggregation level #(R+1) mod (W), aggregation
level #(R+2) mod (W), aggregation level #(R+3) mod (W), or
when it is aggregation level 4, it is mapped to aggregation
level #(R mod (floor (W/2))*4) and aggregation level #((R
mod (floor (W/2))*4)+1), and aggregation level #((R mod
(floor (W/2))*4)+2) and aggregation level #((R mod (floor
(W/2))*4)+3); and

when it is aggregation level 8, it is mapped to aggregation
level #R and aggregation level #(R+1) mod (W), aggregation
level #(R+2) mod (W), aggregation level #(R+3) mod (W),
aggregation level #(R+4) mod (W), aggregation level #(R+5)
mod (W), aggregation level #(R+6) mod (W), aggregation
level #(R+7) mod (W), or when it is aggregation level 8, it is
mapped to aggregation level #(R mod (floor (W/2))*8) and
aggregation level #(R mod (floor (W/2))*8)+1), aggregation
level #(R mod (floor (W/2))*8)+2) and aggregation level #(R
mod (floor (W/2))*8)+3), aggregation level #[R mod (floor
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(W/2))*8)+4) and aggregation level #(R mod (floor (W/2))
*8)+5), and aggregation level #(R mod (floor (W/2))*8)+6)
and aggregation level #(R mod (floor (W/2))*8)+7).

Method 4-1

The PRB pairs may carry 4 resources corresponding to
aggregation level 1. A base station configures 4 PRBs, which
is W=4%4=16 for available aggregation levels, and the indices
are #0 to #15. An initial aggregation level index (an aggrega-
tion level index configured by the base station) #4 is randomly
generated, then FIG. 62 is a schematic diagram of aggregation
level 1 mapping of method 4-1 according to preferred
embodiment IV of the present disclosure. As shown in FIG.
62, the aggregation level is 1, and it is mapped onto 1 PRB. As
shown in FIG. 63, the aggregation level is 2, and it is mapped
onto 1 PRB. As shown in FIG. 64, the aggregation level is 4,
and it is mapped onto 1 PRB. As shown in FIG. 65, the
aggregation level is 8, and it is mapped onto 2 PRBs.

Method 4-2

A PRB pair may carry 2 resources corresponding to aggre-
gation level 1. A base station configures 8 PRBs, which is
W=2%8=16 for available aggregation levels, and the indices
are #0 to #15. An initial aggregation level index (an aggrega-
tion level index configured by the base station) #0 is randomly
generated, then FIG. 66 is a schematic diagram of aggregation
level 1 mapping of method 4-2 according to preferred
embodiment IV of the present disclosure. As shown in FIG.
66, the aggregation level is 1, and it is mapped onto 1 PRB. As
shown in FIG. 67, the aggregation level is 2, and it is mapped
onto 1 PRB. As shown in FIG. 68, the aggregation level is 4,
and it is mapped onto 2 PRBs. As shown in FIG. 69, the
aggregation level is 8, and it is mapped onto 4 PRBs.

Method 4-3

The PRB pairs may carry 1 resource corresponding to
aggregation level 1. A base station configures 8 PRBs, which
is W=1*8=8 for available aggregation levels, and the indices
are #0 to #7. An initial aggregation level index (an aggrega-
tion level index configured by the base station) #0 is randomly
generated, then FIG. 70 is a schematic diagram of aggregation
level 1 mapping of method 4-3 according to preferred
embodiment 1V of the present disclosure. As shown in FIG.
70, the aggregation level is 1, and it is mapped onto 1 PRB.
The aggregation level is 2, and it is mapped onto 2 PRBs, as
shown in FIG. 71. The aggregation level is 4, and it is mapped
onto 4 PRBs, as shown in FIG. 72. The aggregation level is 8,
and it is mapped onto 4 PRBs, as shown in FIG. 73.

Preferred Embodiment V

A Mapping Method is Determined According to a
Downlink Transmission Mode

When the ePDCCH applies a diversity transmission mode,
the mapping method is method X1, and when the ePDCCH
applies a single-antenna port transmission mode, the map-
ping method is method Y1. The specific applications are as
follows:

when the ePDCCH applies a diversity transmission mode,
method II is used for mapping, and when the ePDCCH
applies a single-antenna port transmission mode, method I is
used for mapping, or when the ePDCCH applies the diversity
transmission mode, method III is applied for mapping, and
when the ePDCCH applies the single-antenna port transmis-
sion mode, method I is applied for mapping, or when the
ePDCCH applies the diversity transmission mode, method 111
is applied for mapping, and when the ePDCCH applies the
single-antenna port transmission mode, method I1 is applied
for mapping, or when the ePDCCH applies the diversity
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transmission mode, method IV is applied for mapping, and
when the ePDCCH applies the single-antenna port transmis-
sion mode, method II is applied for mapping, or when the
ePDCCH applies the diversity transmission mode, method IV
is applied for mapping, and when the ePDCCH applies the
single-antenna port transmission mode, method I is applied
for mapping.

Preferred Embodiment VI

This preferred embodiment describes a process of first
determining an aggregation level according to aggregation
levels and/or subframe cyclic prefix type, and then determin-
ing a mapping method according to the aggregation level.

The aggregation levels corresponding to the ePDCCH are
determined according to indication information, wherein the
indication information comprises the downlink control infor-
mation format, the ePDCCH transmission mode, high layer
signalling, the PDSCH transmission mode and the ePDCCH
modulation mode. The above-mentioned content may also be
described as, according to the aggregation levels, determining
one piece or multiple pieces of information about one or more
of the downlink control information format, the ePDCCH
transmission mode, high layer signalling, the PDSCH trans-
mission mode and the ePDCCH modulation mode.

Method a: Aggregation Levels are Determined According
to the Downlink Control Information Format.

A downlink control information format set H1 and a down-
link control information format set F1 are defined, wherein
the aggregation levels corresponding to the downlink control
information format set H1 are X2, and the aggregation levels
corresponding to the downlink control information format set
F1 are Y2. The specific applications are as follows:

the downlink control information format set H1 comprises:
DCI Format 0 and DCI Format 1A;

the downlink control information format set F1 comprises:
DCI Format 2C and DCI Format 4;

the aggregation levels X2 comprises one or more of aggre-
gation level 1, aggregation level 2, aggregation level 4 and
aggregation level 8; and

the aggregation levels Y2 comprises one or more of aggre-
gation level 2, aggregation level 4 and aggregation level 8;

then:

the aggregation levels corresponding to DCI Format 0 and
DCI Format 1A comprise aggregation level 1, aggregation
level 2 and aggregation level 4; and the aggregation levels
corresponding to DCI Format 2C and DCI Format 4 comprise
aggregation level 2, aggregation level 4 and aggregation level

or,

the aggregation levels corresponding to DCI Format 0 and
DCI Format 1A comprise aggregation level 1, aggregation
level 2, aggregation level 4 and aggregation level 8; and the
aggregation levels corresponding to DCI Format 2C and DCI
Format 4 comprise aggregation level 2, aggregation level 4
and aggregation level 8.

Method b: The Aggregation Levels are Determined
According to the ePDCCH Transmission Mode.

When the ePDCCH applies a diversity transmission mode,
the corresponding aggregation levels are X3, and when the
ePDCCH applies a single-antenna port transmission mode,
the corresponding aggregation levels are Y3;

the aggregation level X3 comprises one or more of aggre-
gation level 2, aggregation level 4 and aggregation level 8;
and
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the aggregation level Y3 comprises one or more of aggre-
gation level 1, aggregation level 2, aggregation level 4 and
aggregation level 8.

The Specific Applications are as Follows:

When the ePDCCH applies a diversity transmission mode,
the corresponding aggregation levels comprise aggregation
level 2, aggregation level 4 and aggregation level 8; and when
the ePDCCH applies a single-antenna port transmission
mode, the corresponding aggregation levels comprise aggre-
gation level 1, aggregation level 2 and aggregation level 4;

o,

when the ePDCCH aggregation levels are 1 and 2, the
ePDCCH transmission mode is single-antenna port, and
when the ePDCCH aggregation levels are 4 and 8, the ePD-
CCH transmission mode is diversity.

Method c¢: The Aggregation Levels are Determined
According to High Layer Signalling

For example, the aggregation levels configured by the RRC
signalling are one or more of aggregation level 1, aggregation
level 2, aggregation level 4 and aggregation level 8.

Method d: An Aggregation Level is Determined According
to the PDSCH Transmission Mode

A PDSCH transmission mode set H2 and a PDSCH trans-
mission mode set F2 are defined, wherein the aggregation
levels corresponding to the PDSCH transmission mode set
H2 are X4, and the aggregation levels corresponding to the
PDSCH transmission mode set F2 are Y4,

the PDSCH transmission mode set H2 may be the existing
transmission modes 1 to 9;

the PDSCH transmission mode set F2 may be a newly
defined transmission mode 10, etc.;

the aggregation levels X3 comprise one or more of aggre-
gation level 2, aggregation level 4 and aggregation level 8;
and

the aggregation level Y3 comprise one or more of aggre-
gation level 1, aggregation level 2, aggregation level 4 and
aggregation level 8.

The Specific Applications are as Follows:

ifthe PDSCH downlink transmission modes are 1 to 9, then
the aggregation levels are 2, 4 and 8; and the PDSCH down-
link transmission mode is transmission mode 10, then the
aggregation levels are 1, 2 and 4.

Method e: Aggregation Levels are Determined According
to the ePDCCH Modulation Mode

Ifthe ePDCCH modulation mode is QPSK, then the aggre-
gation levels are X5; and if the ePDCCH modulation mode is
16QAM, then the aggregation levels are Y5;

the aggregation levels X5 comprise one or more of aggre-
gation levels 1, 2, 4 and 8; and

the aggregation levels Y5 comprise one or more of aggre-
gation levels 1, 2 and 4.

The Specific Applications are as Follows:

ifthe ePDCCH modulation mode is QPSK, then the aggre-
gation levels are 1, 2, 4 and 8; and the ePDCCH modulation
mode is 16QAM, then the aggregation levels are 1, 2 and 4.

It should be noted that the above-mentioned method a to
method e may be applied by any combination, and are not
limited to the above-mentioned application methods.

In addition, the aggregation levels corresponding to the
ePDCCH may also be fixed as M kinds, wherein M is a natural
number.

A specific application: the aggregation levels correspond-
ing to the ePDCCH may also be fixed as 4 kinds, which
aggregation levels are aggregation level 1, aggregation level
2, aggregation level 4 and aggregation level 8.
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Preferred Embodiment VII

The above-mentioned mapping method is not limited to
continuous mapping, and may also be used in discrete map-
ping. As discrete mapping, the specific applications are as
follows:

The PRB pairs are capable of carrying 2 resources corre-
sponding to aggregation level 1, as shown in FIG. 5.

The aggregation level is 1, and itis mapped onto 2 PRBs, as
shown in FIG. 74. The aggregation level is 2, and it is mapped
onto 2 PRBs, as shown in FIG. 75. The aggregation level is 4,
and it is mapped onto 2 PRBs, as shown in FIG. 76. The
aggregation level is 8, and it is mapped onto 4 PRBs, as shown
in FIG. 77. Or, the aggregation level is 1, and it is mapped onto
2 PRBs, as shown in FIG. 78. The aggregation level is 2, and
it is mapped onto 4 PRBs, as shown in FIG. 79. The aggre-
gation level is 4, and it is mapped onto 4 PRBs, as shown in
FIG. 80. The aggregation level is 8, and it is mapped onto 4
PRBs, as shown in FIG. 81.

The PRB pairs are capable of carrying 2 resources corre-
sponding to aggregation level 1, as shown in FIG. 18 and FIG.
19.

The aggregation level is 1, and itis mapped onto 4 PRBs, as
shown in FIG. 82. The aggregation level is 2, and it is mapped
onto 4 PRBs, as shown in FIG. 83. The aggregation level is 4,
and it is mapped onto 4 PRBs, as shown in FIG. 84. The
aggregation level is 8, and it is mapped onto 4 PRBs, as shown
in FIG. 85.

Embodiment VIII

This preferred embodiment describes the process of deter-
mining a mapping method according to mapping mode indi-
cation information.

Assumption 1, the mapping mode indication information is
1 bit, and the corresponding mapping methods are method X8
and mapping method Y8; and

assumption 2, the mapping mode indication information is
2 bits, and the corresponding mapping methods are method
X9, mapping method Y9, mapping method Z9 and mapping
method D9.

The Specific Applications are as Follows:

ifthe mapping mode indication information is 1 bit, and the
mapping mode indication information is ‘0’, the mapping
method is method 4; and if the mapping mode indication
information is 1 bit and the mapping mode indication infor-
mation is ‘1°, the mapping method is method 1. Or, if the
mapping mode indication information is 1 bit and the map-
ping mode indication information is ‘0’, the mapping method
is method 2. Or, if the mapping mode indication information
is 1 bit and the mapping mode indication information is “1°,
the mapping method is method 4. Or, if the mapping mode
indication information is 2 bits and the mapping mode indi-
cation information is ‘00’, the mapping method is method 1.
Or, if the mapping mode indication information is 2 bits and
the mapping mode indication information is ‘01°, the map-
ping method is method 2. Or if the mapping mode indication
information is 2 bits and the mapping mode indication infor-
mation is ‘01°, the mapping method is method 3. Or if the
mapping mode indication information is 2 bits and the map-
ping mode indication information is ‘11°, the mapping
method is method 4.

In addition, a process of determining a mapping method
according to mapping mode indication information and sub-
frame cyclic prefix type is also described.

It is assumed that if the mapping mode indication informa-
tion is 1 bit and the mapping mode indication information is
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0’, the mapping method is method X10; if the mapping mode
indication information is 1 bit, the mapping mode indication
information is ‘1’ and it is Normal CP, the mapping method is
method Y'10; and if the mapping mode indication information
is 1 bit, the mapping mode indication information is ‘1°, and
it is Extended CP, the mapping method is method Z10.

The Specific Applications are as Follows:

Ifthe mapping mode indication information is 1 bit, and the
mapping mode indication information is ‘0’, the mapping
method is method 4; if the mapping mode indication infor-
mation is 1 bit, the mapping mode indication information is
‘1’, and it is Normal CP, the mapping method is method 1; if
the mapping mode indication information is 1 bit, the map-
ping mode indication information is ‘1°, and it is Extended
CP, the mapping method is method 2. Or, if the mapping mode
indication information is 1 bit, and the mapping mode indi-
cation information is ‘0’, the mapping method is method 4; if
the mapping mode indication information is 1 bit, the map-
ping mode indication information is ‘1°, and it is Normal CP,
the mapping is method is method 2; if the mapping mode
indication information is 1 bit, the mapping mode indication
informationis ‘1°, and it is Extended CP, the mapping method
is method 2. Or, if the mapping mode indication information
is 1 bit, and the mapping mode indication information is 1°,
the mapping method is method 4; if the mapping mode indi-
cation information is 1 bit, the mapping mode indication
information is ‘0°, and it is Normal CP, the mapping method
is method 2; if the mapping mode indication information is 1
bit, the mapping mode indication information is ‘0’, and it is
Extended CP, the mapping method is method 2; if the map-
ping mode indication information is 1 bit, the mapping mode
indication information is ‘0, the mapping method is method
2.

Note: the states ‘0’ and ‘1’ corresponding to the indication
information may be interchanged.

It should be noted that the steps shown in the flowchart of
the drawings can be executed, for example, in a computer
system with a set of instructions executable by a computer, in
addition, a logic order is shown in the flowchart, but the
shown or described steps can be executed in a different order
under some conditions.

The embodiment of the present disclosure provides a
device for transmitting downlink control information, and the
device for transmitting downlink control information may be
used for performing the method for transmitting downlink
control information above. FIG. 86 is a structural block dia-
gram of a device for transmitting downlink control informa-
tion according to an embodiment ofthe present disclosure. As
shown in FIG. 86, a mapping module 862 and a transmission
module 864 are comprised. The structure is described in
details below.

The mapping module 862 is configured to, according to a
predefined condition, map the downlink control information
carried on an enhanced physical downlink control channel
(ePDCCH) onto at least one PRB pair, the predefined condi-
tion comprising at least one of: an ePDCCH aggregation
level, a subframe cyclic prefix type, a format of the downlink
control information carried on the ePDCCH, an ePDCCH
transmission mode, and mapping mode indication informa-
tion; and the transmission module 864 is connected to the
mapping module 862, and is configured to transmit the down-
link control information carried on the at least one PRB pair
mapped by the mapping module 862.

Preferably, if the at least one PRB pair is capable of carry-
ing 4 pieces of the downlink control information with the
aggregation level being 1, the mapping module 862 com-
prises: a first mapping sub-module 86201, configured to map
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onto 1 PRB pair when the aggregation level is 1, map onto 2
PRB pairs when the aggregation level is 2, map onto 4 PRB
pairs when the aggregation level is 4, and map onto 8 PRB
pairs when the aggregation level is 8; a second mapping
sub-module 86202, configured to map onto 1 PRB pair when
the aggregation level is 1, map onto 2 PRB pairs when the
aggregation level is 2, map onto 4 PRB pairs when the aggre-
gation level is 4, and map onto 4 PRB pairs when the aggre-
gation level is 8; and a third mapping sub-module 86203,
configured to map onto 1 PRB pair when the aggregation level
is 1, map onto 2 PRB pairs when the aggregation level is 2,
map onto 2 PRB pairs when the aggregation level is 4, and
map onto 2 PRB pairs when the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 2 pieces of the downlink control information with the
aggregation level being 1, the mapping module comprises: a
fourth mapping sub-module 86204, configured to, if the pre-
defined condition comprises that the subframe cyclic prefix
type is Normal CP, mapping onto 2 of the PRB pairs when the
aggregation level is 1, mapping onto 2 of the PRB pairs when
the aggregation level is 2, map onto 2 PRB pairs when the
aggregation level is 4, and map onto 4 PRB pairs when the
aggregation level is 8; a fifth mapping sub-module 86205,
configured to, if the predefined condition comprises that the
subframe cyclic prefix type is Normal CP, map onto 2 PRB
pairs when the aggregation level is 1, map onto 4 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 4 PRB pairs when the
aggregation level is 8; a sixth mapping sub-module 86206,
configured to, if the predefined condition comprises that the
subframe cyclic prefix type is Normal CP, map onto 2 PRB
pairs when the aggregation level is 1, map onto 4 PRB pairs
when the aggregation level is 2, map onto 8 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; a seventh mapping sub-module 86207,
configured to, if the predefined condition comprises that the
subframe cyclic prefix type is Extended CP, map onto 1 PRB
pair when the aggregation level is 1, map onto 2 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; and an eighth mapping sub-module
86208, configured to, if the predefined condition comprises
that the subframe cyclic prefix type is Extended CP, map onto
1 PRB pair when the aggregation level is 1, map onto 2 PRB
pairs when the aggregation level is 2, map onto 2 PRB pairs
when the aggregation level is 4, and map onto 4 PRB pairs
when the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing 1 piece of the downlink control information with the
aggregation level being 1, the mapping module comprises: a
ninth mapping sub-module 86209, configured to, if the pre-
defined condition comprises that the subframe cyclic prefix
type is Normal CP, map onto 4 PRB pairs when the aggrega-
tion level is 1, map onto 4 PRB pairs when the aggregation
level is 2, map onto 4 PRB pairs when the aggregation level is
4, and map onto 8 PRB pairs when the aggregation level is 8;
a tenth mapping sub-module 86210, configured to, if the
predefined condition comprises that the subframe cyclic pre-
fix type is Normal CP, map onto 4 PRB pairs when the
aggregation level is 1, map onto 8 PRB pairs when the aggre-
gation level is 2, map onto 8 PRB pairs when the aggregation
level is 4, and map onto 8 PRB pairs when the aggregation
level is 8; an eleventh mapping sub-module 86211, config-
ured to, if the predefined condition comprises that the sub-
frame cyclic prefix type is Extended CP, map onto 2 PRB
pairs when the aggregation level is 1, map onto 2 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs when
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the aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; a twelfth mapping sub-module 86212,
configured to, if the predefined condition comprises that the
subframe cyclic prefix type is Extended CP, map onto 2 PRB
pairs when the aggregation level is 1, map onto 4 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs when the
aggregation level is 8; and a thirteenth mapping sub-module
86213, configured to, if the predefined condition comprises
that the subframe cyclic prefix type is Extended CP, map onto
2 PRB pair when the aggregation level is 1, map onto 4 PRB
pairs when the aggregation level is 2, map onto 8 PRB pairs
when the aggregation level is 4, and map onto 8 PRB pairs
when the aggregation level is 8.

Preferably, if the at least one PRB pair is capable of carry-
ing K pieces of the downlink control information with the
aggregation level being 1 and the value range of K comprises
at least one of 1, 2 and 4, the mapping module comprises: a
ranking module 86214, configured to successively rank
aggregation levels comprised by all the PRB pairs configured
to carry the downlink control information; a fourteenth map-
ping sub-module 86215, configured to map according to an
aggregation level type sequence on the basis of a predefined
initial aggregation level index; and a fifteenth mapping sub-
module 86216, configured to map according to an aggrega-
tion level type sequence on the basis of an aggregation level
index configured by a base station.

Itshould be noted that the device for transmitting downlink
control information described in the device embodiments
corresponds to the method embodiments above, with the spe-
cific implementation described in the method embodiments
in detail, thereby needing no further description.

It should be noted that in the embodiments above of the
present disclosure, all the downlink control information for-
mats comprise downlink control information formats defined
in the future, and all the aggregation levels comprise aggre-
gation levels defined in the future; all the resource block pairs
may be continuous resource block pairs and may also be
discrete resource block pairs; and the method for dividing all
the resource block pairs into aggregation level 1 may be
continuously divided or discretely divided according to the
frequency domain and time domain, divided with an equal
size, or divided with unequal sizes and any dividing methods.

It should be noted that aggregation level 1 may be regarded
as a unit for downlink control information mapping, i.e. an
enhanced control channel element (eCCE); aggregation level
1, aggregation level 2, aggregation level 4 and aggregation
level 8 correspond to 1 eCCE, 2 eCCEs, 4 eCCEs and 8
eCCEs, which also correspond to four ePDCCH formats.

In summary, according to the embodiments above of the
present disclosure, a method and device for transmitting
downlink control information are provided. By mapping
according to one or more predefined conditions, the present
disclosure achieves mapping from the ePDCCH to the physi-
cal resource pair, and ensures the ePDCCH to obtain fre-
quency domain diversity gain and scheduling gain.

Obviously, those skilled in the art shall understand that the
above-mentioned modules and steps of the present disclosure
can be realized by using general purpose calculating device,
can be integrated in one calculating device or distributed on a
network which consists of a plurality of calculating devices.
Alternatively, the modules and the steps of the present dis-
closure can be realized by using the executable program code
of'the calculating device. Consequently, they can be stored in
the storing device and executed by the calculating device, or
they are made into integrated circuit module respectively, or a
plurality of modules or steps thereof are made into one inte-
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grated circuit module. In this way, the present disclosure is
not restricted to any particular hardware and software com-
bination.

The descriptions above are only the preferable embodi-
ment of the present disclosure, which are not used to restrict
the present disclosure, for those skilled in the art, the present
disclosure may have various changes and variations. All
modifications, equivalents and improvements, which are
made within the spirit and principle of the present disclosure,
should be comprised in the protection scope of the present
disclosure.

What is claimed is:

1. A method for transmitting downlink control informa-
tion, comprising:

mapping the downlink control information carried on an

enhanced Physical Downlink Control Channel (ePD-
CCH) onto at least one physical resource block (PRB)
pair according to a predefined condition, the predefined
condition comprising: an ePDCCH aggregation level, a
subframe cyclic prefix type, a format of the downlink
control information carried on the ePDCCH and map-
ping mode indication information, wherein:
a) when the at least one PRB pair carries 4 pieces of the
downlink control information with the aggregation level
being 1, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair according to the
predefined condition comprises a part or all of one of:
mapping onto 1 PRB pair when the aggregation level is 1,
mapping onto 2 PRB pairs when the aggregation level is
2, mapping onto 4 PRB pairs when the aggregation level
is 4, and mapping onto 8 PRB pairs when the aggrega-
tion level is 8;

mapping onto 1 PRB pair when the aggregation level is 1,
mapping onto 2 PRB pairs when the aggregation level is
2, mapping onto 4 PRB pairs when the aggregation level
is 4, and mapping onto 4 PRB pairs when the aggrega-
tion level is 8; and

mapping onto 1 PRB pair when the aggregation level is 1,

mapping onto 2 PRB pairs when the aggregation level is
2, mapping onto 2 PRB pairs when the aggregation level
is 4, and mapping onto 2 PRB pairs when the aggrega-
tion level is 8;
b) when the at least one PRB pair carries 2 pieces of the
downlink control information with the aggregation level
being 1, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair according to the
predefined condition comprises a part or all of one of:
when the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, mapping onto 2 PRB
pairs when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto
2 PRB pairs when the aggregation level is 4, and map-
ping onto 4 PRB pairs when the aggregation level is 8;
when the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, mapping onto 2 PRB
pairs when the aggregation level is 1, mapping onto 4
PRB pairs when the aggregation level is 2, mapping onto
4 PRB pairs when the aggregation level is 4, and map-
ping onto 4 PRB pairs when the aggregation level is 8;
when the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, mapping onto 2 PRB
pairs when the aggregation level is 1, mapping onto 4
PRB pairs when the aggregation level is 2, mapping onto
8 PRB pairs when the aggregation level is 4, and map-
ping onto 8 PRB pairs when the aggregation level is 8;
when the predefined condition comprises that the subframe
cyclic prefix type is Extended CP, mapping onto 1 PRB
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pair when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto
4 PRB pairs when the aggregation level is 4, and map-
ping onto 8 PRB pairs when the aggregation level is 8;
and

when the predefined condition comprises that the subframe

cyclic prefix type is Extended CP, mapping onto 1 PRB
pair when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto
2 PRB pairs when the aggregation level is 4, and map-
ping onto 4 PRB pairs when the aggregation level is 8,
or
c) when the at least one PRB pair carries 1 piece of the
downlink control information with the aggregation level
being 1, mapping the downlink control information carried on
the ePDCCH onto the at least one PRB pair according to the
predefined condition comprises a part or all of one of:
when the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, mapping onto 4 PRB
pairs when the aggregation level is 1, mapping onto 4
PRB pairs when the aggregation level is 2, mapping onto
4 PRB pairs when the aggregation level is 4, and map-
ping onto 8 PRB pairs when the aggregation level is 8;

when the predefined condition comprises that the subframe
cyclic prefix type is Normal CP, mapping onto 4 PRB
pairs when the aggregation level is 1, mapping onto 8
PRB pairs when the aggregation level is 2, mapping onto
8 PRB pairs when the aggregation is 4, and mapping
onto 8 PRB pairs when the aggregation level is 8;

when the predefined condition comprises that the subframe
cyclic prefix type is Extended CP, mapping onto 2 PRB
pairs when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 2, mapping onto
4 PRB pairs when the aggregation level is 4, and map-
ping onto 8 PRB pairs when the aggregation level is 8;

when the predefined condition comprises that the subframe
cyclic prefix type is Extended CP, mapping onto 2 PRB
pairs when the aggregation level is 1, mapping onto 2
PRB pairs when the aggregation level is 4, mapping onto
4 PRB pairs when the aggregation level is 4, and map-
ping onto 8 PRB pairs when the aggregation level is 8;
and

when the predefined condition comprises that the subframe

cyclic prefix type is Extended CP, mapping onto 2 PRB

pairs when the aggregation level is 1, mapping onto 4

PRB pairs when the aggregation level is 2, mapping onto

8 PRB pairs when the aggregation level is 4, and map-

ping onto 8 PRB pairs when the aggregation level is 8;
and

transmitting the downlink control information carried on

the at least one PRB pair.

2. The method according to claim 1, wherein the at least
one PRB pair carries 4 pieces of the downlink control infor-
mation with the aggregation level being 1.

3. The method according to claim 1, wherein the at least
one PRB pair carries 2 pieces of the downlink control infor-
mation with the aggregation level being 1.

4. The method according to claim 1, wherein the at least
one PRB pair carries 1 piece of the downlink control infor-
mation with the aggregation level being 1.

5. The method according to claim 1, wherein when the at
least one PRB pair carries K pieces of the downlink control
information with the aggregation level being 1 and the value
range of K comprises at least one of 1, 2 and 4, mapping the
downlink control information carried on the ePDCCH onto
the at least one PRB pair according to the predefined condi-
tion comprises one of:
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ranking successively aggregation levels comprised by all
the PRB pairs configured to carry the downlink control
information, and mapping according to an aggregation
level type sequence on the basis of a predefined initial
aggregation level index; and

ranking successively aggregation levels comprised by all
the PRB pairs configured to carry the downlink control
information, and mapping according to an aggregation
level type sequence on the basis of an aggregation level
index configured by a base station.

6. The method according to claim 1, wherein before map-
ping the downlink control information carried on the ePD-
CCH onto the at least one PRB pair according to the pre-
defined condition, the method further comprises: determining
the aggregation level according to indication information,
wherein the indication information comprises at least one of:
the format of the downlink control information carried on the
ePDCCH, the ePDCCH transmission mode, an ePDCCH
modulation mode, high layer signalling, and a transmission
mode of physical downlink shared channel (PDSH).

7. A device for transmitting downlink control information,
comprising:

a mapping module to, according to a predefined condition,
map the downlink control information carried on an
enhanced physical downlink control channel (ePDCCH)
onto at least one physical resource block (PRB) pair, the
predefined condition comprising: an ePDCCH aggrega-
tion level, a subframe cyclic prefix type, a format of the
downlink control information carried on the ePDCCH
and mapping mode indication information; and

a transmission module to transmit the downlink control
information carried on the at least one PRB pair,
wherein:

a) when the at least one PRB pair carries 4 pieces of the
downlink control information with the aggregation level
being 1, the mapping module comprises:

a first mapping sub-module to map onto 1 PRB pair when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs
when the aggregation level is 8;

a second mapping sub-module to map onto 1 PRB pair
when the aggregation level is 1, map onto 2 PRB pairs
when the aggregation level is 2, map onto 4 PRB pairs
when the aggregation level is 4, and map onto 4 PRB
pairs when the aggregation level is 8; and

a third mapping sub-module to map onto 1 PRB pair when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 2 PRB pairs when
the aggregation level is 4, and map onto 2 PRB pairs
when the aggregation level is 8;

b) when the at least one PRB pair carries 2 pieces of the
downlink control information with the aggregation level
being 1, the mapping module comprises:

a fourth mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Normal CP, map onto 2 PRB pairs when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 2 PRB pairs when
the aggregation level is 4, and map onto 4 PRB pairs
when the aggregation level is 8;

a fifth mapping sub-module that will, when the predefined
condition comprises that the subframe cyclic prefix type
is Normal CP, map onto 2 PRB pairs when the aggrega-
tion level is 1, map onto 4 PRB pairs when the aggrega-
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tion level is 2, map onto 4 PRB pairs when the aggrega-
tion level is 4, and map onto 4 PRB pairs when the
aggregation level is 8;

a sixth mapping sub-module that will, when the predefined
condition comprises that the subframe cyclic prefix type
is Normal CP, map onto 2 PRB pairs when the aggrega-
tion level is 1, map onto 4 PRB pairs when the aggrega-
tion level is 2, map onto 8 PRB pairs when the aggrega-
tion level is 4, and map onto 8 PRB pairs when the
aggregation level is 8;

a seventh mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Extended CP, map onto 1 PRB pair when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs
when the aggregation level is 8; and

an eighth mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Extended CP, map onto 1 PRB pair when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, mapping onto 2 PRB pairs
when the aggregation level is 4, and map onto 4 PRB
pairs when the aggregation level is 8;

or

c) when the at least one PRB pair carries 1 piece of the
downlink control information with the aggregation level
being 1, the mapping module comprises:

aninth mapping sub-module that will, when the predefined
condition comprises that the subframe cyclic prefix type
is Normal CP, map onto 4 PRB pairs when the aggrega-
tion level is 1, map onto 4 PRB pairs when the aggrega-
tion level is 2, map onto 4 PRB pairs when the aggrega-
tion level is 4, and map onto 8 PRB pairs when the
aggregation level is 8;

a tenth mapping sub-module that will, when the predefined
condition comprises that the subframe cyclic prefix type
is Normal CP, map onto 4 PRB pairs when the aggrega-
tion level is 1, map onto 8 PRB pairs when the aggrega-
tion level is 2 map onto 8 PRB pairs when the aggrega-
tion level is 4, and map onto 8 PRB pairs when the
aggregation level is 8;

an eleventh mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Extended CP, map onto 2 PRB pairs when
the aggregation level is 1, map onto 2 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs
when the aggregation level is 8;

a twelfth mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Extended CP, map onto 2 PRB pairs when
the aggregation level is 1, map onto 4 PRB pairs when
the aggregation level is 2, map onto 4 PRB pairs when
the aggregation level is 4, and map onto 8 PRB pairs
when the aggregation level is 8; and

a thirteenth mapping sub-module that will, when the pre-
defined condition comprises that the subframe cyclic
prefix type is Extended CP, map onto 2 PRB pairs when
the aggregation level is 1, map onto 4 PRB pairs when
the aggregation level is 2, mapping onto 8 PRB pairs
when the aggregation level is 4, and map onto 8 PRB
pairs when the aggregation level is 8.

8. The device according to claim 7, wherein the at least one

PRB pair carries 4 pieces of the downlink control information
with the aggregation level being 1.
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9. The device according to claim 7, wherein the at least one
PRB pair carries 2 pieces of the downlink control information
with the aggregation level being 1.

10. The device according to claim 7, wherein the at least
one PRB pair carries 1 piece of the downlink control infor-
mation with the aggregation level being 1.

11. The device according to claim 7, wherein when the at
least one PRB pair carries K pieces of the downlink control
information with the aggregation level being 1 and the value
range of K comprises at least one of 1, 2 and 4, the mapping
module comprises:

a ranking sub-module to successively rank aggregation
levels comprised by all the PRB pairs configured to carry
the downlink control information;

a fourteenth mapping sub-module to map according to an
aggregation level type sequence on the basis of a pre-
defined initial aggregation level index; and

a fifteenth mapping sub-module to map according to an
aggregation level type sequence on the basis of an aggre-
gation level index configured by a base station.

12. The method according to claim 1, the number of the at
least one PRB pair corresponding to the ePDCCH comprises:
2,4, or8.

13. The method according to claim 1, wherein the at least
one PRB pair is capable of carrying 4 pieces of the downlink
control information with the aggregation level being 1, or, the
at least one PRB pair is capable of carrying 2 pieces of the
downlink control information with the aggregation level
being 1.

14. The device according to claim 7, wherein the number of
the at least one PRB pair corresponding to the ePDCCH
comprises: 2, 4, or 8.

15. The device according to claim 7, wherein the at least
one PRB pair is capable of carrying 4 pieces of the downlink
control information with the aggregation level being 1, or, the
at least one PRB pair is capable of carrying 2 pieces of the
downlink control information with the aggregation level
being 1.

16. The method according to claim 2, wherein before map-
ping the downlink control information carried on the ePD-
CCH onto the at least one PRB pair according to the pre-
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defined condition, the method further comprises: determining
the aggregation level according to indication information,
wherein the indication information comprises at least one of:
the format of the downlink control information carried on the
ePDCCH, the ePDCCH transmission mode, an ePDCCH
modulation mode, high layer signalling, and a transmission
mode of physical downlink shared channel (PDSH).

17. The method according to claim 3, wherein before map-
ping the downlink control information carried on the ePD-
CCH onto the at least one PRB pair according to the pre-
defined condition, the method further comprises: determining
the aggregation level according to indication information,
wherein the indication information comprises at least one of:
the format of the downlink control information carried on the
ePDCCH, the ePDCCH transmission mode, an ePDCCH
modulation mode, high layer signalling, and a transmission
mode of physical downlink shared channel (PDSH).

18. The method according to claim 4, wherein before map-
ping the downlink control information carried on the ePD-
CCH onto the at least one PRB pair according to the pre-
defined condition, the method further comprises: determining
the aggregation level according to indication information,
wherein the indication information comprises at least one of:
the format of the downlink control information carried on the
ePDCCH, the ePDCCH transmission mode, an ePDCCH
modulation mode, high layer signalling, and a transmission
mode of physical downlink shared channel (PDSH).

19. The method according to claim 5, wherein before map-
ping the downlink control information carried on the ePD-
CCH onto the at least one PRB pair according to the pre-
defined condition, the method further comprises: determining
the aggregation level according to indication information,
wherein the indication information comprises at least one of:
the format of the downlink control information carried on the
ePDCCH, the ePDCCH transmission mode, an ePDCCH
modulation mode, high layer signalling, and a transmission
mode of physical downlink shared channel (PDSH).
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